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1
DIAGNOSTIC FOR A FUEL SYSTEM

TECHNICAL FIELD

The present discloser relates to fuel systems for vehicles.

BACKGROUND

Vehicles may include fuel systems that are configured to
deliver fuel from a fuel tank to an internal combustion

engine.
SUMMARY

A vehicle includes an engine, a fuel tank, a first canister,
a second canister, a check valve, and a controller. The fuel
tank 1s configured to store fuel. The first and second canisters
are each configured to receive evaporated fuel from the fuel
tank, store the evaporated fuel, and deliver the evaporated
tuel to the engine. The second canister 1s disposed between
the first canister and the engine. The check valve 1s disposed
between the first and second canisters and 1s configured to
restrict backtlow of the evaporated fuel from the second
canister toward the first canister. The controller 1s pro-
grammed to, 1 response to detecting a rich value of an
air-to-fuel ratio of the engine 1n less than a predetermined
period of time after an engine start, output a fault signal
indicating that the check valve 1s unable to close.

A vehicle 1includes an engine, an oxygen sensor, a fuel
tank, a primary canister, a secondary canister, a check valve,
a pressure sensor, and a controller. The engine 1s configured
to propel the vehicle. The oxygen sensor 1s configured to
measure an oxygen content within an exhaust output of the
engine. The fuel tank 1s configured to store fuel. The primary
canister 1s configured to receive evaporated fuel from the
tuel tank, store the evaporated fuel via adsorption, and
deliver the evaporated fuel to the engine via desorption. The
secondary canister 1s disposed between the primary canister
and the engine. The secondary canister 1s configured to
receive the evaporated fuel from the fuel tank, store the
evaporated fuel via adsorption, and deliver the evaporated
fuel to the engine via desorption. The check valve 1is
disposed between the primary and secondary canisters. The
check valve 1s configured to facilitate flow of the evaporated
tuel from the primary canister to the secondary canister. The
check valve 1s also configured to restrict flow of the evapo-
rated fuel from the secondary canister to the primary can-
ister. The pressure sensor 1s disposed between the primary
canister and the fuel tank. The pressure sensor 1s configured
to measure a pressure of the evaporated fuel. The controller
1s programmed to, determine an air-to-fuel ratio of the
engine based on the measured oxygen content within the
exhaust output of the engine. The controller 1s further
programmed to, 1n response to a cold engine start and the
air-to-fuel ratio transitioning to a rich value 1n less than a
predetermined period of time after the cold engine start,
output a signal that the check valve 1s unable to close. The
controller 1s further programmed to, 1n response to the cold
engine start and the pressure sensor registering a pressure
value that 1s greater than a threshold, output a signal that the
check valve 1s unable to open. The controller 1s further
programmed to, 1 response to the air-to-fuel ratio transi-
tioming ifrom a lean value to the rich value after the prede-
termined period of time has expired, and the pressure sensor
registering the pressure value being less than the threshold,
output a signal indicating that the check valve 1s operating

properly.
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A vehicle includes an engine, a fuel tank, a primary
canister, a buller canister, a purge valve, a check valve, and
a controller. The fuel tank 1s configured to store fuel. The

primary canister 1s configured to receive and store evapo-
rated fuel from the fuel tank. The buller canister 1s config-
ured to receive and store the evaporated fuel from the fuel
tank. The bufler canister 1s disposed between the primary
canister and the engine. The purge valve 1s disposed between
the bufler canister and the engine. The purge valve 1s
configured to direct the evaporated fuel from the primary
and bufler canisters to the engine when open. The check
valve 1s disposed between the primary and buller canisters
and 1s configured to restrict backtlow of the evaporated fuel
from the bufler canister toward the primary canister. The
controller programmed to, 1n response to an engine start,
open the purge valve and monitor a pressure of the evapo-
rated fuel. The controller 1s further programmed to, in
response to the pressure of the evaporated fuel being greater
than a threshold, output a signal that the check valve 1s
unable to open.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic 1llustration of a vehicle and a fuel
system for the vehicle;

FIG. 2 1s a flowchart illustrating a method for determining
the operability of a check valve of a vehicle evaporative
emissions system;

FIG. 3 1s a series of graphs illustrating the conditions of
the various vehicle components when the check valve 1s
unable to close;

FIG. 4 1s a series of graphs illustrating the conditions of
the various vehicle components when the check valve 1s
unable to open; and

FIG. 5 1s a series of graphs illustrating the conditions of
various vehicle components when the check valve 1s oper-
ating properly.

DETAILED DESCRIPTION

Embodiments of the present disclosure are described
herein. It 1s to be understood, however, that the disclosed
embodiments are merely examples and other embodiments
may take various and alternative forms. The figures are not
necessarily to scale; some features could be exaggerated or
minimized to show details of particular components. There-
fore, specific structural and functional details disclosed
herein are not to be mterpreted as limiting, but merely as a
representative basis for teaching one skilled 1n the art to
variously employ the embodiments. As those of ordinary
skill 1n the art will understand, various features illustrated
and described with reference to any one of the figures may
be combined with features illustrated 1n one or more other
figures to produce embodiments that are not explicitly
illustrated or described. The combinations of features 1llus-
trated provide representative embodiments for typical appli-
cations. Various combinations and modifications of the
features consistent with the teachings of this disclosure,
however, could be desired for particular applications or
implementations.

FIG. 1 shows a schematic depiction of a vehicle 6, an
engine system 8, and a fuel system 18. The fuel system 18
may more specifically be a fuel delivery system for an
engine 10. The vehicle 6 may be a hybrid vehicle, such as
a hybnid electric vehicle. A hybnd electric vehicle may
derive propulsion power from the engine system 8 and/or an
on-board energy storage device (not shown), such as a
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battery system. An energy conversion device, such as a
generator (not shown), may be operated to absorb energy
from vehicle motion and/or engine operation, and then
convert the absorbed energy to an energy form suitable for
storage by the energy storage device. Alternatively, the
vehicle 6 may be a non-hybrid vehicle, such as a conven-
tional internal combustion engine vehicle.

Engine system 8 may include an engine 10 having a
plurality of cylinders 30.

Engine 10 includes an engine intake 23 and an engine
exhaust 235. Engine ntake 23 includes an air intake throttle
62 tluidly coupled to the engine intake manifold 44 via an
intake passage 42. Air may enter intake passage 42 via air
filter 52. Engine exhaust 25 includes an exhaust manifold 48
leading to an exhaust passage 335 that routes exhaust gas to
the atmosphere. Engine exhaust 25 may include one or more
emission control devices 70 mounted i a close-coupled
position. The one or more emission control devices 70 may
include a three-way catalyst, lean NOX trap, diesel particu-
late filter, oxidation catalyst, etc. It will be appreciated that
other components may be included 1n the engine such as a
variety of valves and sensors, as further elaborated in herein.
In some embodiments, wherein engine system 8 1s a boosted
engine system, the engine system may further include a
boosting device, such as a turbocharger (not shown).

When configured as a hybrid vehicle, the vehicle may be
operated 1n various modes. The various modes may include
a full hybrid mode or battery mode, wherein the vehicle 1s
driven by power from only the battery. The various modes
may further include an engine mode wherein the vehicle 1s
propelled with power derived only from the combusting
engine. Further, the vehicle may be operated 1n an assist or
mild hybrid mode wherein the engine 1s the primary source
of torque and the battery selectively adds torque during
specific conditions, such as during a tip-in event. A control-
ler may shift vehicle operation between the various modes of
operation based at least on vehicle torque/power require-
ments and the battery’s state of charge. For example, when
the power demand 1s higher, the engine mode may be used
to provide the primary source of energy with the battery used
selectively during power demand spikes. In comparison,
when the power demand 1s lower and while the battery 1s
suiliciently charged, the vehicle may be operated in the
battery mode to improve vehicle fuel economy. Further, as
claborated herein, during conditions when a fuel tank
vacuum level 1s elevated, the vehicle may be shifted from
the engine mode of operation to the battery mode of opera-
tion to enable excess fuel tank vacuum to be vented to the
engine’s mtake manifold without causing air-fuel ratio dis-
turbances.

Engine system 8 i1s coupled to the fuel system 18. Fuel
system 18 includes a fuel tank 20 coupled to a tuel pump 21,
a first or primary fuel vapor storage device or canister 22,
and a second or secondary fuel vapor storage device or
canister 200. The second fuel vapor canister 200 may also be
referred to as the bufler fuel vapor canister and 1s configured
to provide additional storage space for when the first fuel
vapor canister 22 has no further capacity to store tuel vapors.
The tuel tank 20 supplies fuel to the engine 10 which propels
a vehicle 6. The first canister 22 and the second canister 200
are subcomponents of and evaporative emissions system that
prevents fuel vapors from being released into the environ-
ment. The first canister 22 and the second canister 200 are
separated by a one-way check valve 202. One-way check
valve 202 1s depicted as a vacuum-actuated check valve.
However, 1n other examples the check valve 202 may
comprise a solenoid valve wherein opening or closing the
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valve 1s performed via actuation of a check valve solenoid.
The check valve 202 1s configured to facilitate flow of the
evaporated fuel from the first canister 22 to the second
canister 200 and to restrict backtlow of the evaporated tuel
from the second 200 canister to the first canister 22.

Fuel tank 20 recerves fuel via a refueling line 116, which
acts as a passageway between the fuel tank 20 and a
refueling door 127 on an outer body of the vehicle. During
a fuel tank refueling event, fuel may be pumped 1nto the
vehicle from an external source through refueling inlet 107
that 1s 1n fluidd communication with refueling line 116.
Fueling inlet 107 may be covered by a gas cap or may be
capless. Vent valves 106A, 1068, 108 (described below 1n
turther details) may be open to recover fuel vapors (1.e., fuel
that has been vaporized into a gaseous form) from a vapor
space 104 within the fuel tank 20 during a refueling event
where a refueling nozzle 131 1s directing liquid fuel into the
fuel tank via the refueling line 116. The fuel tank 20 may be
configured to store both liquid fuel 115 and vaporized fuel
117. The refueling line 116 may be referred to as a fluid flow
path that 1s configured to facilitate flow of liquid fuel 1nto the

tuel tank 20 from the refueling nozzle 131.

The fuel tank 20 may hold a plurality of fuel blends,
including fuel with a range of alcohol concentrations, such
as various gasoline-ethanol blends, including E10, E85,
gasoline, etc., and combinations thereof. A fuel level sensor
106 located 1n fuel tank 20 may provide an indication of the
fuel level (“Fuel Level Input”) to a controller 12. As
depicted, fuel level sensor 106 may comprise a float con-
nected to a varniable resistor. Alternatively, other types of fuel
level sensors may be used.

A Tuel pump 21 1s configured to pressurize fuel delivered
to the mjectors of engine 10, such as example 1njector 66.
While only a single injector 66 1s shown, additional injectors
are provided for each cylinder. It will be appreciated that
fuel system 18 may be a return-less fuel system, a return fuel
system, or various other types of fuel system.

In some embodiments, engine 10 may be configured for
selective deactivation. For example, engine 10 may be
selectively deactivatable responsive to idle-stop conditions.
Therein, responsive to any or all of idle-stop conditions
being met, the engine 10 may be selectively deactivated by
deactivating cylinder fuel injectors. As such, idle-stop con-
ditions may be considered met 1f the engine 10 1s combus-
ting while a system battery (or energy storage device) 1s
sufliciently charged, i auxiliary engine loads (e.g., air
conditioning requests) are low, engine temperatures (intake
temperature, catalyst temperature, coolant temperature, etc.)
are within selected temperature ranges where further regu-
lation 1s not required, and a driver requested torque or power
demand i1s suiliciently low. In response to idle-stop condi-
tions being met, the engine may be selectively and auto-
matically deactivated via deactivation of fuel and spark. The
engine may then start to spin to rest. Further, as elaborated
herein, during conditions when fuel tank vacuum is elevated,
the engine may be actively pulled-down, or deactivated, so
as to enable the fuel tank vacuum to be vented to the
deactivated engine.

Fuel vapors generated 1n fuel tank 20 may be routed to
and stored 1n the first canister 22, via conduit 31, before
being purged to engine intake 23. Additional fuel vapors
may be routed to the second canister 200 when the first
canister has no more capacity to store fuel vapors. Fuel tank
20 may include one or more vent valves for venting fuel
vapors generated in the fuel tank 20 to first canister 22 via
conduit 31. Conduit 31 may also be referred to as a fluid tlow
path that 1s configured to facilitate tlow of the vaporized fuel
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between the fuel tank 20 and the first canister 22. Conduit 31
may also be 1n fluid commination with the refueling inlet
1077 via vapor line 109. The one or more vent valves may be
clectronically or mechanically actuated valves and may
include active vent valves (that 1s, valves with moving parts
that are actuated open or close by a controller) or passive
valves (that 1s, valves with no moving parts that are actuated
open or close passively based on a tank fill level). In the
depicted example, fuel tank 20 includes gas vent valves
(GVV) 106A, 106B at either end of fuel tank 20 and a fuel

level vent valve (FLVV) 108, all of which are passive vent
valves. Each of the vent valves 106A, 1068, 108 may
include a tube (not shown) that dips to a varying degree mnto
a vapor space 104 of the fuel tank. Based on a fuel level 102
relative to vapor space 104 1n the fuel tank, the vent valves
may be open or closed. For example, GVV 106A, 106B may
dip less into vapor space 104 such that they are normally
open. This allows diurnal and “running loss™ vapors from
the fuel tank to be released 1nto first canister 22, preventing,
over-pressurizing of the fuel tank. As another example,
FLVV 108 may dip further into vapor space 104 such that 1t
1s normally open. This allows fuel tank overfilling to be
prevented. In particular, during fuel tank refilling, when a
tuel level 102 1s raised, vent valve 108 may close, causing
pressure to build in vapor line 109 (which 1s downstream of
refueling inlet 107 and coupled thereon to conduit 31) as
well as at the refueling nozzle 131 that 1s coupled to the fuel
pump. The increase 1n pressure at the refueling nozzle 131
may then trip the refueling pump, stopping the fuel fill
process automatically, and preventing overfilling.

It will be appreciated that while the depicted embodiment
shows vent valves 106A, 1068, 108 as passive valves, 1n
alternate embodiments, one or more of them may be con-
figured as electronic valves electronically coupled to a
controller (e.g., via wiring). Therein, a controller may send
a signal to actuate the vent valves to open or close. In
addition, the valves may include electronic feedback to
communicate an open/close status to the controller. While
the use of electronic vent valves having electronic feedback
may enable a controller to directly determine whether a vent
valve 1s open or closed (e.g., to determine if a valve 1s closed
when 1t was supposed to be open), such electronic valves
may add substantial costs to the fuel system.

The first and second canisters 22, 200 are filled with an
appropriate adsorbent for temporarily trapping fuel vapors
(including vaporized hydrocarbons) via adsorption gener-
ated during fuel tank particularly during diurnal cycles. In
one example, the adsorbent used 1s activated charcoal. When
purging conditions are met, such as when the canisters 22,
200 are saturated, vapors stored in canisters 22, 200 may be
purged via desorption to engine intake 23, specifically intake
manifold 44, via purge line 28 by opening canister purge
valve 112. The canister purge valve 112 1s disposed between
the second canister 200 and the engine 10 and 1s configured
to direct the evaporated fuel from the first and second
canisters 22, 200 to the engine when open. During purging
conditions, while canister purge valve 112 1s open, vacuum-
actuated check valve 202 1s forced opened due to engine
intake vacuum. While a single canister 22 1s shown between
the fuel tank 20 and the check wvalve 202, 1t will be
appreciated that fuel system 18 may include any number of
canisters between the tuel tank 20 and the check valve 202.
In one example, canister purge valve 112 may be a solenoid
valve wherein opening or closing of the valve 1s performed
via actuation of a canister purge solenoid. Furthermore,
during purging conditions, vapors stored in the second
canister 200 may additionally be purged to engine intake 23.
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While two canisters 22, 200 are shown, 1t will be appreciated
that fuel system 18 may include any number of canisters.

First canister 22 includes a vent 27 (herein also referred
to as a fresh air line) for routing gases out of the first canister
22 to the atmosphere when storing, or trapping, fuel vapors
from fuel tank 20. Vent 27 may also allow fresh air to be
drawn 1nto {irst canister 22 when purging stored fuel vapors
to engine intake 23 via purge line 28 and purge valve 112.
While this example shows vent 27 communicating with
fresh, unheated air, various modifications may also be used.
Vent 27 may include a canister vent valve 114 to adjust a
flow of air and vapors between first canister 22 and the
atmosphere. The canister vent valve 114 may also be used
for diagnostic routines. When included, the vent valve may
be opened during tuel vapor storing operations (for example,
during fuel tank refueling and while the engine 1s not
running) so that air, stripped of fuel vapor after having
passed through the canister, can be pushed out to the
atmosphere. Likewise, during purging operations (for
example, during canister regeneration and while the engine
1s runmng), the vent valve 114 may be opened to allow a
flow of fresh air to strip the fuel vapors stored in the first
canister 22. By closing canister vent valve 114, the fuel tank
20 may be 1solated from the atmosphere.

One or more pressure sensors 120 may be coupled to fuel
system 18 for providing an estimate of a fuel system
pressure (e.g., the pressure of the liguid and/or evaporated
tuel 1n the fuel system 18). The one or more pressure sensors
120 are configured to communicate the fuel system pressure
to controller 12. In one example, the fuel system pressure 1s
a Tuel tank pressure, wherein pressure sensor 120 1s a fuel
tank pressure sensor coupled to fuel tank 20 for estimating
a fuel tank pressure or vacuum level. While the depicted
example shows pressure sensor 120 coupled to conduit 31
between the fuel tank and first canister 22, in alternate
embodiments, the pressure sensor may be directly coupled
to fuel tank 20 or first canister 22.

Fuel vapors released from first camister 22, for example
during a purging operation, may be directed into engine
intake manifold 44 via purge line 28. The tlow of vapors
along purge line 28 may be regulated by canister purge valve
112, coupled between the tuel vapor canmister and the engine
intake. The quantity and rate of vapors released by the
canister purge valve 112 may be determined by the duty
cycle of an associated canister purge valve solenoid (not
shown). As such, the duty cycle of the canister purge valve
solenoid may be determined by the vehicle’s powertrain
control module (PCM), such as controller 12, responsive to
engine operating conditions, including, for example, engine
speed-load conditions, an air-fuel ratio, a canister load, eftc.
By commanding the canister purge valve to be closed, the
controller may seal the fuel vapor recovery system from the
engine intake. Check valve 202 in purge line 28 ma
additionally prevent intake manifold pressure from flowing
gases 1n the opposite direction of the purge tlow. As such, the
check valve 202 may compensate for conditions where
canister purge valve control 1s not accurately timed or under
conditions where the canister purge valve itsell can be
forced open by a high intake manifold pressure.

An optional canister check valve (not shown) may be
included 1n purge line 28 to prevent intake manifold pressure
from flowing gases in the opposite direction of the purge
flow. As such, the check valve may be necessary 1if the
canister purge valve control 1s not accurately timed or the
canister purge valve itsell can be forced open by a high
intake manifold pressure. An estimate of the manifold abso-
lute pressure (MAP) may be obtained from MAP sensor 118
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coupled to intake manifold 44, and communicated with
controller 12. Alternatively, MAP may be inferred from
alternate engine operating conditions, such as mass air flow
(MAF), as measured by a MAF sensor (not shown) coupled
to the imntake manifold.

Fuel system 18 may be operated by controller 12 1n a
plurality of modes by selective adjustment of the various
valves and solenoids. For example, the fuel system may be
operated 1n a fuel vapor storage mode wherein the controller
12 may close canister purge valve (CPV) 112 and open
canister vent valve 114 to direct refueling and diurnal vapors
into first canister 22 while preventing fuel vapors from being
directed into the intake manifold. As another example, the
tuel system may be operated 1n a refueling mode (e.g., when
fuel tank refueling 1s requested by a vehicle operator),
wherein the controller 12 may maintain canister purge valve
112 closed, to depressurize the fuel tank before allowing
cnabling fuel to be added therein. As such, during both fuel
storage and refueling modes, the fuel tank vent valves 106 A,
1068, and 108 are assumed to be open.

As yet another example, the fuel system may be operated
in a canister purging mode (e.g., aiter an emission control
device light-off temperature has been attained and with the
engine running), wherein the controller 12 may open can-
ister purge valve 112 and open camister vent valve 114. As
such, during the canister purging, the fuel tank vent valves
106A, 106B, and 108 are assumed to be open (though 1s
some embodiments, some combination of valves may be
closed). During this mode, vacuum generated by the intake
manifold of the operating engine may be used to draw fresh
air through vent 27 and through first canister 22 to purge the
stored fuel vapors mnto intake mamiold 44. In this mode, the
purged fuel vapors from the first canister 22 are combusted
in the engine. The purging may be continued until the stored
tuel vapor amount in the canister 1s below a threshold.
During purging, the learned vapor amount/concentration can
be used to determine the amount of fuel vapors stored 1n the
first canister 22, and then during a later portion of the
purging operation (when the first canister 22 1s sufliciently
purged or empty), the learned vapor amount/concentration
can be used to estimate a loading state of the first canister 22.
For example, one or more oxygen sensors (not shown) may
be coupled to the first canister 22 (e.g., downstream of the
canister), or positioned in the engine intake and/or engine
exhaust, to provide an estimate of a camister load (that 1s, an
amount of fuel vapors stored 1n the first canister 22). Based
on the canister load, and further based on engine operating
conditions, such as engine speed-load conditions, a purge
flow rate may be determined.

The vehicle 6 may further include control system 14.
Control system 14 1s shown receiving information from a
plurality of sensors 16 (various examples of which are
described herein) and sending control signals to a plurality
ol actuators 81 (various examples of which are described
herein). As one example, sensors 16 may include exhaust
gas (air-to-fuel ratio) sensor 126 located upstream of the
emission control device, exhaust temperature sensor 128,
MAP sensor 118, and exhaust pressure sensor 129. The
exhaust gas sensor 126 may more specifically be an oxygen
sensor that measures an oxygen content within the exhaust
gas output ol the engine 10. The oxygen content 1s then
communicated to the controller 12, which determines 1t the
air-to-fuel ratio 1s rich, lean, or stoichiometric based on the
measured oxygen content within the exhaust gas output.
Other sensors such as additional pressure, temperature,
air-to-fuel ratio, and composition sensors may be coupled to
various locations in the vehicle 6. As another example, the
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actuators may include fuel injector 66, canister purge valve
112, canister vent valve 114, and throttle 62. The control
system 14 may 1nclude controller 12. The controller 12 may
receive mput data from the various sensors, process the input
data, and trigger the actuators 1n response to the processed
input data based on 1nstruction or code programmed therein
corresponding to one or more routines.

While illustrated as one controller, the controller 12 may
be part of a larger control system and may be controlled by
various other controllers throughout the vehicle 6, such as a
vehicle system controller (VSC). It should therefore be
understood that the controller 12 and one or more other
controllers can collectively be referred to as a “controller”
that controls various actuators in response to signals from
various sensors to control functions the vehicle 6 or vehicle
subsystems. The controller 12 may include a microprocessor
or central processing unit (CPU) 1n communication with
various types ol computer readable storage devices or
media. Computer readable storage devices or media may
include wvolatile and nonvolatile storage in read-only
memory (ROM), random-access memory (RAM), and keep-
alive memory (KAM), for example. KAM 1s a persistent or
non-volatile memory that may be used to store various
operating variables while the CPU 1s powered down. Com-
puter-readable storage devices or media may be imple-
mented using any of a number of known memory devices
such as PROMs (programmable read-only memory),
EPROMs (electrically PROM), EEPROMSs (electrically
crasable PROM), tlash memory, or any other electric, mag-
netic, optical, or combination memory devices capable of
storing data, some of which represent executable instruc-
tions, used by the controller 12 1 controlling the vehicle 6
or vehicle subsystems.

Control logic or functions performed by the controller 12
may be represented by flow charts or similar diagrams 1n one
or more figures. These figures provide representative control
strategies and/or logic that may be implemented using one or
more processing strategies such as event-driven, interrupt-
driven, multi-tasking, multi-threading, and the like. As such,
various steps or functions illustrated may be performed in
the sequence 1llustrated, in parallel, or 1n some cases omit-
ted. Although not always explicitly illustrated, one of ordi-
nary skill in the art will recognize that one or more of the
illustrated steps or functions may be repeatedly performed
depending upon the particular processing strategy being
used. Similarly, the order of processing 1s not necessarily
required to achieve the features and advantages described
herein, but 1s provided for ease of illustration and descrip-
tion. The control logic may be implemented primarily in
solftware executed by a microprocessor-based vehicle,
engine, and/or powertrain controller, such as controller 12.
Of course, the control logic may be implemented in soft-
ware, hardware, or a combination of software and hardware
in one or more controllers depending upon the particular
application. When implemented in software, the control
logic may be provided in one or more computer-readable
storage devices or media having stored data representing
code or instructions executed by a computer to control the
vehicle or 1ts subsystems. The computer-readable storage
devices or media may include one or more of a number of
known physical devices which utilize electric, magnetic,
and/or optical storage to keep executable instructions and
associated calibration information, operating variables, and
the like.

The second canister 200 and check valve 202 ensure that
a cold start evacuation from the fuel evaporate system,
which includes the first camister 22 and the second canister
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200, does not result in excessive vapor mhalation into engine
in order to protect against engine stalls. The second canister
200 1s cleaned during a drive cycle and then the check valve
202 1solates the second-bufller canister 200 from further
loading during a diurnal key off cycles. I check valve 202
1s stuck open, then diurnal vapors can load the second
canister 200 which 1s undesirable. It the check valve 202 1s
stuck closed, then opening the canister purge valve 112
results 1 a lack of vacuum response at pressure sensor 120.
If the check valve 202 1s stuck open, then diurnal and
running loss vapors may load the second canister 200, which
1s undesirable as the leak detection diagnostic test 1s per-
formed on a cold start and a loaded canister 200 can cause
the engine 10 to stumble and even stall.

After a long key ofl cycle or a refuel event (daytime 1s
preferable to cause diurnal cycle vapors to generate and fill
up the fuel evaporate system), a diagnostic i1s enabled. A
refuel event followed by a short drive will fill the canister
and keep 1t full. A vehicle soak 1n a hot climate waill also fill
the canister. If the check valve 202 is stuck open, then
diurnal vapors would have loaded both the first and second
canisters. If check wvalve 202 is functional, then diurnal
vapors will only have loaded the first camister 22 and not the
second-bufler canister 200. In order to diagnose if the check
valve 202 1s stuck open, the oxygen sensor 126 1s utilized to
monitor the air-to-fuel ratio of the engine 10. On a cold start
and atfter the fuel system control enters closed loop (catalyst
1s lit ofl), the sensor 126 1s monitored for a stoichiometric
condition. At this point, the purge valve 112 1s opened. Since
the second camster 200 should be clear of fuel vapors, the
sensor 126 should register a lean air-to-fuel ratio for a period
of time as fresh air displaces the fuel vapors from the first
canister 22 into the second-builer canister 200. The fuel
vapors should continue migrating from the first canister 22
into the second canister 200 until they breakthrough and
enter the intake manifold. At this point the sensor 126 should
register a rich air-to-fuel ratio. Hence the “transport delay™
for migrating vapors from the first canister 22 during a
purging operation into the clean second canister 200.

A time constant of sensor 126 lean excursion 1s observ-
able with a functioning check valve 202 that seals during a
diurnal key off cycle. This time constant 1s a measurable
response for the diagnostic. If the check valve 202 1s stuck
open, then the sensor 126 response switches rich almost
immediately when the purge valve 112 1s opened, since a
stuck open check valve 202 would allow diurnal vapors to
load the second canister 200 (i.e., there 1s a lack of lean
excursion). If the check valve 1s stuck closed, then the
pressure sensor 120 will not register a pressure vacuum (1.€.,
a pressure that i1s lower than the ambient atmospheric
pressure) during a standard evaporate leak detection test or
routine (e.g., evaporate leak diagnostic for the 0.04" leak).
Such a diagnostic improves engine performance during cold
start evaporate leak diagnostic runs by ensuring the special
bufler canister (e.g., second canister 200) 1s clean and not
loaded with diurnal vapors, which reduces evaporative tuel
€missions.

Referring to FIG. 2, a flowchart of a diagnostic test or
method 300 for determining the operability of the check
valve 202 1s illustrated. The method 300 may be stored as
control logic and/or an algorithm within the controller 12.
The method 300 1s i1nitiated at start block 302. Next, the
method 300 moves on to block 204 where 1t 1s determined
if the engine 10 has been started. More specifically, block
204 may determine 11 the engine 10 has been started after
suilicient period of time such that the engine 10 has cooled
down to the ambient temperature or approximately the
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ambient temperature. Such a start where the engine 10 has
cooled down to the ambient temperature or approximately
the ambient temperature may be referred to as a cold start.

The controller 12 may determine 1f the engine start 1s a
cold start by measuring the temperature of the engine 10 or
the coolant within the engine 10. If the temperate 1s below
a specified threshold, the start may be deemed to be cold
start. If the temperate 1s above the specified threshold, the
start may be deemed to not be cold start. Alternatively, the
controller 12 may determine 1f the engine start 1s cold start
based on whether or not a predetermined soak time has
clapsed. For example, 11 the engine 10 was shutdown for a
period of time (1.e., the time period between the last shut-
down of the engine 10 and the current engine start) that
exceeds the predetermined soak time, the start may be
deemed to be cold start. If the engine 10 was shutdown for
a period of time that did not exceed the predetermined soak
time, the start may be deemed to not be cold start.

I1 1t 1s determined that the engine has not been started, or
alternatively that the engine start 1s not a cold start, the
method 300 either ends or recycles back to the beginning of
block 304. If it 1s determined that the engine has been
started, or alternatively that the engine start 1s a cold start,
the method 300 moves on to block 306 where the canister
purge valve 112 1s opened. The canister purge valve 112
being opened after an engine start 1s illustrated as occurring
at time t; 1 FIGS. 3-5. The engine start 1s illustrated as
occurring at time to 1 FIGS. 3-5. It should also be noted that
as the method 300 transitions from block 304 to block 306,
the controller 12 will be monitoring the pressure of the
evaporated fuel within the fuel system 18 via pressure sensor
120 and will be constantly monitoring and determining an
air-to-fuel ratio of the engine 10 based on the oxygen content
within exhaust output of the engine that 1s being measured
via exhaust gas sensor 126. After the engine 10 has been
started and the canister purge valve 112 has been opened the
method 300 moves on to block 308.

At block 308, 1t 1s determined it the air-to-fuel ratio of the
engine 10 has transitioned to a rich value (1.e., an air-to-fuel
ratio that 1s less than the stoichiometric air-to-fuel ratio,
which 1s approximately 14.7:1) in less than a threshold or
predetermined period of time after the cold engine start. IT
it 1s determined that the air-to-fuel ratio of the engine 10 has
transitioned to a rich value in less than the predetermined
period of time after the cold engine start, the method 300
moves on to block 310 where the controller 12 outputs a
signal, or more specifically a fault signal, indicating that the
check valve 202 1s unable to close (1.e., the check valve 202
1s stuck 1n the open position). The signal may be transmitted
to a vehicle istrument panel, which may then communicate
the operating condition of the check valve 202 to the
operator 1n the form of an indicator light and/or a text-based
message.

Vertical line 400 1in FIGS. 3 and §, occurring at time t,,
illustrates the threshold predetermined period of time after
the cold engine start and line 402 in FIGS. 3 and 5 illustrates
the stoichiometric air-to-fuel ratio. Any value above line 402
1s a rich air-to-fuel ratio and any value below line 402 1s a
lean air-to-fuel ratio (1.e., an air-to-fuel ratio that 1s greater
than the stoichiometric air-to-fuel ratio). Line 404 in FIG. 3
illustrates a scenario where the air-to-fuel ratio of the engine
10 transitions to a rich value 1n less the predetermined period
of time at line 402. The transition may be either from a lean
value or the stoichiometric value. Therefore, under the
scenario 1n FIG. 3, the method 300 would have transitioned
to block 310 and the controller 12 would have output the
signal that the check valve 202 1s unable to close.
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Returning to block 308, if 1t 1s determined that the
air-to-fuel ratio of the engine 10 has not transitioned to a rich
value 1n less than a predetermined period of time after the
cold engine start, the method 300 moves on to block 312.
However, more specifically, at block 308, the method 300
may be monitoring to see 1i the air-to-fuel ratio of the engine
10 first operates under a lean air-to-fuel ratio condition after
the cold engine start and then transitions to a rich air-to-fuel
ratio condition at or after the predetermined period of time
(1.e., line 400). IT such a transitional scenario 1s present, the
method 300 may then transition to block 312. Line 406 in
FIG. § 1illustrates a scenario where the air-to-fuel ratio first
operates under a lean air-to-fuel ratio condition after the cold
engine start and then transitions to a rich air-to-fuel ratio
condition at or after the predetermined period of time.

At block 312 1s 1t determined of the pressure of the fuel
vapor within the fuel system 18 (1.e., the pressure measured
via pressure sensor 120) 1s greater than a threshold pressure
alter the cold engine start. The threshold pressure may
correspond to a predetermined value that 1s less than atmo-
spheric pressure and therefore may be referred to as a
vacuum pressure relative to the ambient atmospheric pres-
sure. The system should see such a vacuum pressure 1t the
engine 10 1s on and the check valve 1s open since the engine
10 will be generating a lower pressure within the intake
manifold to draw 1n air and fuel. The threshold may more
specifically correspond a target vacuum during vehicle oper-
ating conditions.

If the pressure 1s greater than the threshold pressure, the
method 300 moves on to block 314 where the controller 12
outputs a signal, or more specifically a fault signal, indicat-
ing that the check valve 202 1s unable to open (1.¢., the check
valve 202 1s stuck 1n the closed position). The signal may be
transmitted to a vehicle mstrument panel, which may then
communicate the operating condition of the check valve 202
to the operator 1n the form of an indicator light and/or a
text-based message. Line 408 in FIG. 4 illustrates the
threshold pressure. Line 410 1n FIG. 4 illustrates a scenario
where the pressure of the fuel vapor within the fuel system
slightly drops to less than an atmospheric pressure (1.e., line
412) after the cold engine start but remains above the
threshold pressure. Therefore, under the scenario 1llustrated
by line 410 in FIG. 4, the method 300 would have transi-
tioned to block 314 and the controller 12 would have output
the signal that the check valve 202 1s unable to open.

Returming to block 312, if 1t 1s determined that the
pressure 1s not greater than the threshold pressure, the
method 300 moves on to block 316 where the controller 12
outputs a signal indicating that the check valve 202 is
operating properly. The signal may be transmitted to a
vehicle mstrument panel, which may then communicate the
operating condition of the check valve 202 to the operator 1n
the form of an indicator light and/or a text-based message.
Line 414 in FIG. 4 illustrates a scenario where the pressure
of the fuel vapor within the fuel system drops to less the
threshold pressure (1.e., line 408) atter the cold engine start.
Therefore, under the scenario 1llustrated by line 414 1n FIG.
4, the method 300 would have transitioned to block 316 and
the controller 12 would have output the signal that the check
valve 202 1s operating properly.

It should be understood that the flowchart in FIG. 2 1s for
illustrative purposes only and that the method 300 should
not be construed as limited to the flowchart 1n FIG. 2. Some
of the steps of the method 300 may be rearranged while
others may be omitted entirely.

It should be understood that the designations of first,
second, third, fourth, etc. for any component, state, or
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condition described herein may be rearranged 1n the claims
so that they are in chronological order with respect to the
claims.
The words used 1n the specification are words of descrip-
tion rather than limitation, and 1t 1s understood that various
changes may be made without departing from the spirit and
scope of the disclosure. As previously described, the features
of various embodiments may be combined to form further
embodiments that may not be explicitly described or 1llus-
trated. While wvarious embodiments could have been
described as providing advantages or being preferred over
other embodiments or prior art implementations with respect
to one or more desired characteristics, those of ordinary skall
in the art recognize that one or more features or character-
1stics may be compromised to achieve desired overall sys-
tem attributes, which depend on the specific application and
implementation. As such, embodiments described as less
desirable than other embodiments or prior art implementa-
tions with respect to one or more characteristics are not
outside the scope of the disclosure and may be desirable for
particular applications.
What 1s claimed 1s:
1. A vehicle comprising:
an engine;
a fuel tank configured to store fuel;
first and second canisters, each configured to receive
evaporated fuel from the fuel tank, store the evaporated
fuel, and deliver the evaporated fuel to the engine,
wherein the second canister 1s disposed between the
first camister and the engine;
a purge valve disposed between the second canister and
the engine, wherein the purge valve 1s configured to
direct the evaporated fuel from the first and second
canisters to the engine when open;
a check valve disposed between the first and second
canisters and configured to restrict backilow of the
evaporated fuel from the second canister toward the
first canister; and
a controller programmed to,
in response to detecting a rich value of an air-to-fuel
ratio of the engine in less than a predetermined
period of time after an engine start, output a fault
signal indicating that the check valve 1s unable to
close,

in response to the engine start, open the purge valve,

in response to the pressure of the evaporated fuel within
the fuel tank decreasing from a first value to a second
value that 1s greater than a threshold in response to
opening the purge valve and while the purge valve 1s
open, output a signal that the check valve 1s unable
to open, and

in response to (1) detecting a change 1n the air-to-fuel
ratio from a lean value to the rich value after the
predetermined period of time has expired and (11) the
pressure of the evaporated fuel within the fuel tank
decreasing from the first value to a third value that 1s
less than the threshold 1n response to opening the
purge valve and while the purge valve 1s open, output
a signal indicating that the check valve 1s operating
properly.

2. The vehicle of claim 1, wherein the pressure of the

evaporated fuel corresponds to a pressure within the fuel
tank, the first canister, or a conduit that establishes fluid

communication between the fuel tank and the first canister.

3. The vehicle of claim 1, wherein the threshold corre-
sponds to a predetermined value that 1s less than atmo-
spheric pressure.
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4. The vehicle of claim 1, wherein the engine start 1s a
cold start corresponding to the engine being started after
being shutdown for a predetermined soak time.
5. A vehicle comprising;
an engine configured to propel the vehicle;
an oxygen sensor configured to measure an oxygen con-
tent within an exhaust output of the engine;
a fuel tank configured to store fuel;
a primary canister configured to receive evaporated fuel
from the fuel tank, store the evaporated fuel via adsorp-
tion, and deliver the evaporated fuel to the engine via
desorption;
a secondary canister disposed between the primary can-
ister and the engine, configured to receive the evapo-
rated fuel from the fuel tank, store the evaporated tuel
via adsorption, and deliver the evaporated fuel to the
engine via desorption;
a check valve disposed between the primary and second-
ary canisters and configured to facilitate flow of the
evaporated fuel from the primary canister to the sec-
ondary canister and to restrict tlow of the evaporated
fuel from the secondary camster to the primary canis-
ter:;
a pressure sensor disposed between the primary canister
and the fuel tank and configured to measure a pressure
of the evaporated fuel at the fuel tank;
a purge valve disposed between the secondary canister
and the engine, wherein the purge valve 1s configured
to direct the evaporated fuel from the primary and
secondary canisters to the engine when open; and
a controller programmed to,
determine an air-to-fuel ratio of the engine based on the
measured oxygen content within the exhaust output
of the engine,

in response to a cold engine start and the air-to-fuel
ratio transitioning to a rich value i less than a
predetermined period of time after the cold engine
start, output a signal that the check valve 1s unable to
close,

in response to the cold engine start, open the purge
valve,

in response to (1) the cold engine start and (11) the
pressure sensor registering a pressure value that
decreases but remains greater than a threshold in
response to opening the purge valve and while the
purge value 1s open, output a signal that the check
valve 1s unable to open, and

in response to the (1) air-to-fuel ratio transitioning from
a lean value to the rich value after the predetermined
period of time has expired, and (i11) the pressure
sensor registering the pressure value decreasing to
less than the threshold 1n response to opening the
purge valve and while the purge valve 1s open, output
a signal indicating that the check valve 1s operating
properly.

6. The vehicle of claim 5, wherein the threshold corre-
sponds to a predetermined value that 1s less than atmo-
spheric pressure.
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7. The vehicle of claim 5, wherein the cold engine start
corresponds to the engine being started after being shutdown
for a predetermined soak time.

8. A vehicle comprising;:

an engine;

a fuel tank configured to store fuel;

a primary canister configured to receive and store evapo-
rated fuel from the fuel tank;

a bufler canister configured to receive and store the
evaporated fuel from the fuel tank, wherein the bufler
canister 1s disposed between the primary canister and
the engine;

a purge valve disposed between the bufler canister and the
engine, wherein the purge valve 1s configured to direct
the evaporated tuel from the primary and bufler can-
isters to the engine when open;

a check valve disposed between the primary and builer
canisters and configured to restrict backilow of the
evaporated fuel from the engine and the bufler canister
toward the primary canister; and

a controller programmed to,
1n response to an engine start, open the purge valve and

monitor a pressure of the evaporated fuel, and
in response to the pressure of the evaporated fuel within
the fuel tank decreasing from a first value to a second
value that 1s greater than a threshold in response to
opening the purge valve and while the purge valve 1s
open, output a signal that the check valve 1s unable
to open,
in response to detecting a rich air-to-fuel ratio of the
engine in less than a predetermined period of time
after the engine start, output a signal that the check
valve 1s unable to close, and
in response to (1) the air-to-fuel ratio transitioning from
a lean value to the rich value after the predetermined
period of time has expired and (11) the pressure of the
evaporated fuel within the fuel tank decreasing from
the first value to a third value that 1s less than the
threshold 1n response to opening the purge valve and
while the purge valve 1s open, output a signal 1ndi-
cating that the check valve 1s operating properly.

9. The vehicle of claim 8, wherein the threshold corre-
sponds to a predetermined value that 1s less than atmo-
spheric pressure.

10. The vehicle of claim 8, wherein the engine start 1s a
cold start corresponding to the engine being started after
being shutdown for a predetermined soak time.

11. The vehicle of claim 8 further comprising a pressure
sensor that 1s configured to measure the pressure of the
evaporated fuel and communicate the pressure of the evapo-
rated fuel to the controller.

12. The vehicle of claim 11, wherein the pressure sensor
1s disposed within the fuel tank, the primary canister, or a
conduit that establishes fluid communication between fuel
tank and the primary canister.
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